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Abstract

The primary purpose of this report is to document how the 233U /235U and #*Pu/?*>U neutron-
induced fission cross-section ratios, 22U(n,f) /23U (n,f) and 23°Pu(n,f)/?3°U(n,f), respectively, mea-
sured by the NIFFTE fission Time Projection Chamber (fissionTPC) were included in the most
recent database (termed GMA) underlying Neutron Data Standards (NDS) evaluations. This re-
port shows and discusses NDS input files, and underlying assumptions regarding the uncertainty
estimate and necessary for including these data. This uncertainty estimate and the resulting files
were based on information provided by fissionTPC experimentalists, R.J.Casperson, N.S. Bowden,
L. Snyder and K.T. Schmitt for the 238U ratio, and by L. Snyder for the 23°Pu ratio. The fission TPC
data were included twice, by D. Neudecker and V. Pronyaev, to counter-check results and exclude
possible mistakes in their inclusion. It is shown in both evaluations that including fissionTPC
29Pu(n,f) /25U (n,f) data points to a lower evaluated 239Pu(n,f) cross section above 10 MeV than
the currently released NDS data. This raises the question whether a part of a previous dataset by
Tovesson et al., that was previously rejected above 13 MeV for having low values, should be included
in the NDS evaluation after all. The evaluated 233U (n,f) cross section only changes significantly
close to the threshold. The impact on the 23°U(n,f) cross section is minimal. fissionTPC data
reduce evaluated uncertainties on both observables by 0-12% of the GMA evaluated uncertainties.
However, the currently released NDS data contain in addition to these GMA evaluated uncertainties
“Unrecognized Sources of Uncertainties” (USU) of 1.2%. It needs to be further discussed within
the NDS proejct, whether the new fissionTPC data should also reduce USU.

Keywords: 23¥U(n,f)/?35U(n,f), 2°Pu(n,f)/?*°U(n,f), NIFFTE fissionTPC, Neutron Data Stan-
dards.
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1 Introduction

238U /235U neutron-induced fission cross-section ratios, 2*U(n,f)/?3U(n,f), measured by the NIFFTE
fission Time Projection Chamber (fissionTPC) [1H3] were published in Ref. [4]. In addition to that
B9Pu(n,f)/?3U(n,f) cross sections were measured with the same instrument; a journal publication,
Ref. [5], will soon be submitted. All three of these cross sections, 23°U(n,f), 28U (n,f), and Pu(n,f),
are evaluated as part of the Neutron Data Standards (NDS) project coordinated by the IAEA [6].
Data by the NDS projects are in turn often included in international nuclear data libraries, ENDF /B-
VIL.1 [7] and ENDF/B-VIIL.O [8] among them, which provide nuclear data for nuclear application
calculations. Hence, the 23*U(n,f)/23°U(n,f) and 23?Pu(n,f)/?°U(n,f) fission TPC data could possibly
provide input for the NDS project and thus can aid in informing international nuclear data libraries
and consequently nuclear application calculations.

This report describes how these new experimental data were included in the database underlying
NDS evaluations. This document serves on the one hand as a documentation for the NDS project
that they then can use to asses whether these data should be officially accepted to be part of the NDS
database. On the other hand, this report is in answer to two NCSP FY21 milestone that request:

e Update 23Pu fission cross section based on TPC results (from Pu-239/U-235 ratio data),
e Update 23°U fission cross section based on TPC Results (from Pu-239/U-235 ratio data).

In Section [2, a summary is given on how the 23¥U(n,f)/?3U(n,f) and 23°Pu(n,f)/?*U(n,f) fis-
sionTPC cross sections were included in the database underlying NDS evaluations by D. Neudecker.
Assumptions made on uncertainties and correlations are documented as well as the GMA Einput decks.
A discussion is given in Section [3} The impact of fission TPC data on the evaluated NDS results is
shown in Section Issues, that were raised by these evaluated results, are discussed, namely:

o fission TPC 239Pu(n,f)/**5U(n,f) cross sections lead to evaluated results above 10 MeV that are
up to 2% lower than the corresponding 2018 NDS data. This new trend to lower evaluated values
supports data by Tovesson et al. [10] that also reported lower values. Tovesson data were cut
above 13 MeV for the 2018 NDS evaluation. It is mentioned in Section [3.2) that it might be good
to discuss at the next NDS committee meeting whether Tovesson data above 13 MeV should be
included after all,

e Unrecognized systematic uncertainties (USU) [11] were added to the 2018 NDS uncertainties to
account for a large spread in experimental data that was not reflected in the uncertainties of the
previous NDS version [12]. It is discussed in Section [3.3|that if we take the same procedure as for
the 2018 NDS version on USU, then final reported uncertainties won’t change at all. Arguments
are given why this approach might not adequately describe the physics of this new measurement
series,

e In Section the issue is raised that outlying uncertainties are always assessed based on a
previous evaluation penalizing new data with respect to existing data. Recommendations are
given to update this procedure,

e Lastly, comments are given on future work needed on the NDS database in Ref.

Section discusses how V. Pronyaev included the data in order to counter-check the results and
shows that both analyses led to the same conclusions and general trends. A summary and conclusions
are provided in Sec. [f] The output files for the cross sections are given in the Appendix.

!GMA is the name of both, the database and the code, underlying the NDS evaluations [9].



2 Including fissionTPC Data into the NDS Database

Here, it is described how both fissionTPC data sets were included by Denise Neudecker into the NDS
database, GMA [9], while the Subsections below cover assumptions made for each measurement as
part of this inclusion.

First of all, it should be highlighted that the data were included into the most recent version of
the NDS database. That is NOT the version that provided input for ENDF/B-VIIL.0 but a version
that includes improved covariances for all 2*Pu(n,f) cross-section experimental data in GMA using
a template of expected uncertainties [13]. It is not only important for the purpose of continuity to
include fissionTPC data into the most current version, but also allows for a more valid assessment
of impact of these data on the evaluation as uncertainties for past 2*?Pu(n,f) experimental data were
consistently quantified.

Denise Neudecker (DN) followed the following steps for including the data:

1.

10.
11.

The data were read into ARIADNE [14] in order to identify individual uncertainties of fission TPC
data and approximate their reported correlation shapes to fit into ARTADNE and GMA correlation
functions,

. fissionTPC experimentalists provided energy uncertainties by giving a time resolution, time-of-

flight (TOF) length and TOF length uncertainties, while GMA requires uncertainties relative to
energy. DN used ARIADNE to calculate energy uncertainties from the information provided by the
fission TPC collaboration,

ARIADNE was then used to produce a CRD-formatted input file for the GMA database,

DThe CRD-formatted file of fissionTPC data was subsequently included into the most recent
NDS file [13],

The code “datp-cmpq3” (provided by V. Pronyaev in summer 2018) was executed to produce
the “DATA.GMA” file as input for the evaluation,

Interpolated data from the file “DAT.RES” produced by the code was compared to original data.
This step is undertaken to investigate if there are any interpolation artifacts. For the 239Pu/23°U
data set, DN needed to move the energy of three points from 0.194 to 0.191, 0.4342 to 0.433 and
12.963 to 12.95 MeV because of such interpolation artifacts. All other data remained unchanged,

Outlying uncertainties were quantified as described in Ref. [13]. To this end, the following steps
were undertaken:

e Include new data from DAT.RES in DATA.GMA,
e Run GMA with “GMA-cmpql” (provided by V. Pronyaev in summer 2018),

e Find and estimate outlying uncertainties with ARIADNE, and produce new CRD file for
fissionTPC data,

e Copy new CRD file (including now outlying uncertainties) over to GMDATA.CRD,
e Re-run datp-cmpq3 to produce DAT.RES and put it in DATA.GMA.

The above steps were undertaken for both fissionTPC data sets. GMDATA.CRD are shown in
Subsections [2.1] and DATA.GMA input files are shown in [2.4

Cross-correlations were added between the two data sets as described in Subsection 2.3]
Evaluated results were produced with GMA-cmpql,

Plots are produced as shown in Section



ARIADNEis DN’s code for experimental uncertainty quantification. Steps 4-11 are undertaken
as DN learned them from V. Pronyaev in summer 2018 at the example of including the fissionTPC
238U /235U data set into the GMA database.

2.1 Including **Pu(n,f)/**U(n,f) Cross Sections into the CRD file

It is described here how the fission TPC 239Pu(n,f)/?3U(n,f) data were included by DN into the CRD
file and what approximations had to be undertaken.

First of all, L. Snyder supplied incident-neutron energies in the form of values for a lower and upper
bin.ARIADNE as well as GMA need one energy value per data point. Hence, DN took the mid-point of
the energy bin as this one-point energy; this was accepted by L. Snyder.

Then, one should note that while the data are reported in the CRD file as “shape” (normalization
defined by GMA), the data were actually provided with a normalization determined by a-counting.
The normalization procedure applied by the fission TPC collaboration included determining the sample
mass, non-uniformity of beam and sample, as well as beam overlap . However, the final data
are systematically off by a large amount given uncertainties on 23Pu(n,f) evaluated data, namely
by approximately 1.2%. fissionTPC experimentalists are aware that this is questionable; thus they
recommended treating the data for now as a shape, until they validate their results Hence, the data
will be treated as shape data in GMA, and normalization uncertainties are ignored.

The statistical uncertainties, particle-identification, 239 Pu wrap-around background, residual detector-
efficiency, impurity, energy-dependent beam-target overlap and non-uniformity uncertainties were ex-
plicitly provided by L. Snyder.

The first systematic uncertainty provided, termed in Ref. “variational” uncertainty, accounts
for the uncertainty obtained by spanning possible physics space in the variation of the particle-
identification (PID) cuts. The originally reported correlation matrix in the left-hand side of Fig.
varies around slightly positive and slightly negative from 0.3-200 MeV, while it is positively correlated
from 0.1-0.3 MeV. It is interesting to note that these variational correlations are closer to zero above
0.3 MeV, while the 238U(n,f)/?*°U(n,f) correlations for this uncertainty source are more pronounced
positive above 0.3 MeV. The correlation matrix is approximated for GMA with a nearly diagonal one
which approximates most of the original correlations on average.
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Figure 1: The correlation matrix related to uncertainties of the PID cut, as reported by the fissionTPC
collaboration, is shown on the left-hand side; the approximation within the GMA database is compared
on the right-hand side.

The background uncertainty accounts for background-correction uncertainties related to wrap-
around of the incident beam. Backgrounds due to fission-fragment recoils and « particles are zero
because the corresponding particles are clearly identified by PID cuts. The uncertainties in the variation
of the PID cut is the variational uncertainty mentioned above. The shapes reported for wrap-around



correlations of both, 2??Pu and 2*®U, data sets are similar although they are less strongly positive for
the 239Pu case. The strong correlations for this uncertainty source (Fig. [2) are approximated by an
average correlation of 0.8 for GMA with the strongest correlation around the diagonal.
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Figure 2: The correlation matrix related to uncertainties of the wrap-around background, as reported
by the fissionTPC collaboration, is shown on the left-hand side; the approximation within the GMA
database is compared on the right-hand side.

The residual detector-efficiency uncertainty accounts for uncertainties in the efficiency model such
as in the SRIM stopping power assumption, fission-yield uncertainties, etc. The correlation matrix
is on average diagonal in Fig. [3] with the partial correlation matrix provided by L. Snyder in private
communication. Correlations to other measurements could arise because of common usage of SRIM.
However, the correlation matrix is nearly diagonal to begin with, so any possible correlation would be
very low. A diagonal covariance matrix is used for this uncertainty component in GMA.
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Figure 3: The correlation matrix related to uncertainties of the residual detector-efficiency correction,
as reported by the fissionTPC collaboration, is shown on the left-hand side; the approximation within
the GMA database is compared on the right-hand side.

The impurity uncertainty accounts for contaminations in both, ?*?Pu and 23U, samples. The im-
purity correlation matrix for 228U (n,f) /235U (n,f) data was fully correlated as provided by R. Casperson,
while the one for 29Pu(n,f)/?**U(n,f) data is closer to an average off-diagonal correlation of 0.3 as
shown in Fig. @l In the GMA entry, an average correlation of 0.35 is assumed which does not fully
capture its original structure. However, the impurity uncertainty is a minor uncertainty source (0.1%)
and, hence, the correlation function has little weight for total covariances in GMA.

Correlations related to beam-target overlap uncertainties are nearly diagonal in Fig. [5| One could
expect these uncertainties to be fully correlated as the uncertainty source applies to the whole mea-
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Figure 4: The correlation matrix related to impurity uncertainties, as reported by the fissionTPC
collaboration, is shown on the left-hand side; the approximation within the GMA database is compared
on the right-hand side.

surement, but as is pointed out in the journal article [5], the beam shape is energy-dependent and
the overlap between beam and sample is measured by identifying a particles in the fission TPC. The
correlation matrix is approximated with a nearly diagonal one in GMA.

Beam-target Overlap
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Figure 5: The correlation matrix related to beam-target overlap uncertainties, as reported by the
fissionTPC collaboration, is shown on the left-hand side; the approximation within the GMA database
is compared on the right-hand side.

The energy uncertainty is obtained by accounting for the TOF length uncertainty (3 mm), and
the time resolution (2.75 ns full-width half maximum) which is provided in Ref. [5]. The TOF length
of 8.059 m was also retrieved from the journal article. The energy uncertainties relative to the ratio
data as calculated by ARIADNE from these TOF length and time resolution uncertainties are shown in
Fig. [l They are non-negligible only in those energy ranges where the cross section changes rapidly
for neighboring energy bins. For the GMA CRD file, energy uncertainties are provided relative to the
energy rather than the cross section. A nearly full correlation is assumed in energy space as the energy
uncertainties stem from two common parameters (TOF length uncertainties and time resolution.).

L. Snyder explicitly provided attenuation-correction uncertainties. These uncertainties are rather
small (at most 0.1% compared to total uncertainties from 0.8-1.8%), and hence the choice of the
correlation matrix has no impact, and therefore the default is chosen. Deadtime uncertainties are
zeros given the advanced data-acquisition and timing of the fissionTPC.

One caveat on the reported uncertainties is that not all parameters are varied to determine un-
certainties. For instance, attenuation uncertainties did not account for uncertainties in the nuclear



data used to calculate the attenuation correction. Also, the simulation is run independently for each
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Figure 6: The total and energy uncertainties as calculated by ARIADNE are show.

energy bin for the residual detector-efficiency correction.

be.

Below the CRD input deck is given including outlying uncertainties. It is shown in Fig. [6] that total
uncertainties for this data set range between 0.8-1.8%. Thus the 239Pu(n,f)/*U(n,f) cross section
ratios by the fission TPC collaborations are among the most precise data in the GMA database for this

particular observable.
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1.4650 0.3 0.0 0.3 0.2 0.0 0.2 0.1

0.0 0.0 0.0 0.0 0.0

0.3 0.1

1.4550 0.3 0.0 0.3 0.2 0.0 0.2 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.3 0.1

1.4740 0.3 0.0 0.3 0.2 0.0 0.2 0.1

1.4980 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.1

1.5290 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.5450 0.4 0.0 0.3 0.2 0.0 0.2 0.1

0.0 0.0 0.0 0.0 0.0

0.3 0.1

1.56230 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.4720 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.4410 0.4 0.0 0.3 0.3 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.4520 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.4780 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.5060 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.6340 0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.6680 0.5 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.5940 0.5 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.5840 0.5 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.5880 0.5 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0

1.5760 0.5 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.6620 0.5 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.5660 0.5 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.1

0.0 0.0 0.0 0.0 0.0

1.5590 0.6 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.5560 0.6 0.0 0.3 0.3 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.5610 0.6 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0

1.6540 0.6 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.5400 0.6 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.5420 0.6 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.5470 0.7 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.6500 0.7 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.1

0.0 0.0 0.0 0.0 0.0

1.6570 0.7 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.6710 0.7 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0



1.5670 0.7 0.0 0.3 0.3 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

3.4490
3.6530
3.8695
4.0990
4.3420
4.5995
4.8720
5.1605
5.4665
5.7895
6.1335
6.4970
6.8810
7.2885
7.7210
8.1785
8.6635
9.1770
9.7205
10.2965
10.9040
11.5525
12.2420
12.9500
13.7350
14.5485
15.4035
16.3195
17.2875
18.3050
19.4000
20.5400
21.7550
23.0550
24.4150
25.8650
27.4000
29.0150
30.7350
32.5550
34.4900
36.5300
38.6950
40.9900
43.4200
45.9950
48.7200
51.6050
54.6650
57.8950
61.3350
64.9700
68.8100
72.8850
77.2100
81.7850

1.5700 0.8 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.5600 0.8 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.5880 0.8 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.5860 0.8 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0

1.6880 0.9 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.6980 0.9 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.6980 0.9 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1.6260 0.9 0.0 0.3 0.2 0.0 0.2 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0

1.6540
1.5940
1.4860
1.3950
1.3330
1.3090
1.2920
1.2960
1.2940
1.3070
1.3130
1.3270
1.3240
1.3070
1.2740
1.2140
1.1660
1.1360
1.1300
1.1480
1.1520
1.1640
1.1660
1.1380
1.1180

1.0 0.0 0.4 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
1.0 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
i.0 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

1
1
1
1

0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.3 0.3 0.0 0.2 0.0 0.3 0.1

.1
.1
.1
.1

0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0

0.0 0.3 0.3 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0

1.2 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.1
1.2 0.0 0.4 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1.3 0.0 0.4 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0

1.3 0.0 0.4 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.1

1.3 0.0 0.4 0.3 0.0 0.2 0.0 0.3 0.1

1.4 0.0 0.4 0.2 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0

1.4 0.0 0.4 0.2 0.0 0.2 0.0 0.4 0.1

0.0 0.3 0.0 0.0 0.0

1.4 0.0 0.4 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.7 0.0 0.0 0.0

1.5 0.0 0.4 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1.5 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1
1.6 0.0 0.5 0.3 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0

1.6 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1
1.7 0.0 0.5 0.2 0.0 0.2 0.0 0.3 0.1
1.7 0.0 0.5 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0

1.8 0.0 0.5 0.3 0.0 0.2 0.0 0.4 0.1
1.8 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1
1.9 0.0 0.5 0.3 0.0 0.2 0.0 0.4 0.1
1.9 0.0 0.5 0.2 0.0 0.2 0.0 0.5 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1.1070 2.0 0.0 0.5 0.3 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0

1.0890 2.0 0.0 0.5 0.2 0.0 0.2 0.0 0.3 0.1

1.1110 2.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1

1.0950 2.2 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1.0940 2.2 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1

1.0850 2.3 0.0 0.5 0.3 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0

1.0900 2.4 0.0 0.5 0.2 0.0 0.2 0.0 0.3 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1.0770 2.4 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1

1.0890 2.5 0.0 0.5 0.3 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0

1.0690 2.6 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.6 0.0 0.0 0.0

0.0

1.0900 2.6 0.0 0.5 0.2 0.0 0.2 0.0 0.4 0.1

1.0750 2.7 0.0 0.5 0.2 0.0 0.2 0.0 0.5 0.1

1.2 0.0 0.0 0.0

1.0660 2.8 0.0 0.6 0.2 0.0 0.2 0.0 0.4 0.1

0.0 0.4 0.0 0.0 0.0

1.0700 2.9 0.0 0.6 0.4 0.0 0.2 0.0 0.5 0.1

0.0 0.3 0.0 0.0 0.0

1.0790 3.0 0.0 0.6 0.2 0.0 0.2 0.0 0.4 0.1

1.0820 3.1

0.0 0.5 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.0 0.6 0.2 0.0 0.2 0.0 0.5 0.1

0.0 0.6 0.2 0.0 0.2 0.0 0.4 0.1

1.0920 3.1

0.0 0.0 0.0 0.0 0.0

1.0980 3.2 0.0 0.6 0.2 0.0 0.2 0.0 0.5 0.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1.0930 3.3 0.0 0.6 0.3 0.0 0.2 0.0 0.5 0.1

1.0940 3.4 0.0 0.6 0.2 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0

1.0890 3.5 0.0 0.7 0.3 0.0 0.2 0.0 0.4 0.1

0.0 0.0 0.0 0.0 0.0

1.0880 3.6 0.0 0.7 0.2 0.0 0.2 0.0 0.6 0.1
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0.0 0.0 0.0 0.0 0.0

1.0740 3.7 0.0 0.7 0.3 0.0 0.2 0.0 0.4 0.1

86.6350
91.7700
97.2050

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

1.0990 3.8 0.0 0.7 0.2 0.0 0.2 0.0 0.5 0.1

1.1030 4.0 0.0 0.7 0.3 0.0 0.2 0.0 0.5 0.1

2.2 Including ?**U(n,f)/?*U(n,f) Cross Sections into the CRD file

The choices and assumptions on the 233U(n,f) /235U (n,f) cross sections were already detailed in Ref. [15]

and won’t be repeated here. Below the CRD input file is given that was prepared in summer 2018 by

D. Neudecker and V. Pronyaev.

J,PRC,97,034618(2018)

NIFFTE TPC

60002018U8(n,f) /U5(n,f)

1400 8

7210 8 0 0 O

UNCERTAINTIES

(TOF length 8.059 m)

1 Energy Uncertainty calculated from 2.03 ns and 3 mm TOF length unc.

3 Statistical Unc.

4 Particle Identification unc.

5 Pu-239 wrap around background unc.
6 Residual Detector Efficiency Unc.

7 Impurity Unc.

only added to DAT.GMA file.

8 Outlying Unc.

0.99 0.01 0.50
0.00 0.00 0.00
0.00 0.00 0.00
0.50 0.50 0.50
0.99 0.01 0.50
0.00 0.00 0.00
0.99 0.01 0.50
0.50 0.50 0.50
0.50 0.50 0.50
0.50 0.50 0.50
0.50 0.50 0.50

11 0 0 0 O

1

1

0 0 9

1.259.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2252 0.0 0.0 49.7 9.3 33.0

0.2311
0.2371

0.5160
0.5465
0.5790
0.6135
0.6495
0.6880
0.7290
0.7720
0.8175
0.8660
0.9175
0.9720
1.0295
1.0905
1.1555
1.2240
1.2965
1.3735
1.4545
1.5405
1.6320
1.7285
1.8310
1.9395

1.161.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 48.3 5.7 31.4

1.0 73.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.059.4 5.9 39.7

0.2434 0.0 0.0 43.5 4.5 26.8 0.960.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2498 0.0 0.0 20.7 4.5 11.0 0.9 32.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2665 0.0 0.0 19.1

1.9 9.6 0.829.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1.4 7.9 0.826.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2634 0.0 0.0 16.6

1.3 6.9 0.7 23.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1

0.2704 0.0 0.0 14.8

4.0 0.7 15.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

.1

0.2777 0.0 0.0 9.7

0.2852 0.0 0.0 6.8 0.9 2.4 0.7 10.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2930 0.0 0.0 4.6 0.5

1.4 0.4 6.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.2 0.5 5.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.2 0.4 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 4.4 0.2
0.3093 0.0 0.0 4.4 0.5

0.3011

0.3178 0.0 0.0 3.4 0.2 0.8 0.4 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.3267 0.0 0.0 2.7 0.2 0.5 0.4 2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.3357 0.0 0.0 2.5 0.3 0.5 0.3 2.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.3450 0.1

1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.3 0.3

0.0 2.0 0.1

0.0

0.2 0.2 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0

1.4 0.1

0.3547 0.1

1.0 0.2 0.2 0.2 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.3645 0.2 0.0

0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2 0.1

0.3747 0.3 0.0 0.9 0.1

0.2 0.1

0.3853 0.3 0.0 0.9 0.1

0.3961

0.2 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.4 0.0 0.9 0.1

0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.4072 0.4 0.0 0.8 0.1

0.1

0.1

0.4187 0.4 0.0 0.8 0.1
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0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.4305 0.4 0.0 0.8 0.1 0.1

2.0540
2.1760
2.3050
2.4415
2.5865
2.7395
2.9015
3.0735
3.2560
3.4490
3.6530
3.8695
4.0990
4.3420
4.5995
4.8720
5.1605
5.4660
5.7900
6.1335
6.4965
6.8810
7.2890
7.7210
8.1785
8.6635
9.1770
9.7205
10.2965
10.9065
11.5525
12.2370
12.9620
13.7300
14.5435
15.4055
16.3185
17.2855
18.3095

0.1

0.1

0.4428 0.4 0.0 0.8 0.1

0.1

0.1

0.4554 0.4 0.0 0.8 0.1

0.1

0.1

0.4683 0.4 0.0 0.8 0.1

0.1

0.1

0.4817 0.4 0.0 0.8 0.1

0.1

0.1

0.4954 0.4 0.0 0.8 0.1

0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.1

0.5095 0.4 0.0 0.8 0.1

0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.5240 0.4 0.0 0.8 0.2 0.1

0.1

0.1

0.4 0.0 0.8 0.1
0.5545 0.5 0.0 0.8 0.2 0.1

0.5391

0.1

0.1

0.5704 0.5 0.0 0.9 0.0 0.1

0.5868 0.5 0.0 0.9 0.1

0.1

0.1

0.1

0.1

0.6037 0.5 0.0 0.9 0.1

0.1

0.6210 0.5 0.0 0.9 0.0 0.1

0.1

0.6389 0.5 0.0 0.9 0.2 0.1

0.6573 0.5 0.0 0.9 0.1

0.1

0.1

0.1

0.1

0.6763 0.5 0.0 0.9 0.1

0.1

0.1

0.6958 0.5 0.0 0.9 0.1

0.7159 0.5 0.0

0.1

1.0 0.2 0.1

0.1

0.1

0.7366 0.6 0.0 0.9 0.1

0.1

0.1

0.7578 0.6 0.0 0.9 0.1

0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.1

0.7797 0.6 0.0 0.8 0.1

0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.8023 0.6 0.0 0.8 0.0 0.1

0.82556 0.6 0.0 0.8 0.1

0.1

0.1

0.1

0.8494 0.6 0.0 0.9 0.0 0.1

0.8741

0.1

0.6 0.0 0.9 0.0 0.1

0.1

0.1

0.9256 0.6 0.0 0.9 0.2 0.1

0.8994 0.6 0.0 0.9 0.1

0.1

0.1

0.9524 0.6 0.0 0.9 0.2 0.1

0.9800 0.6 0.0

0.1 0.1

1.0 0.1
1.0 0.1

1
1
1
1

0.1

0.1

1.0084 0.6 0.0

0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

.1 0.1 0.1
.1 0.1

.1
.1

1.0377 0.6 0.0

0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.1

0.1

1.0679 0.5 0.0

0.1 0.1

0.1

1.0989 0.5 0.0

0.1 0.1

0.1

1.1308 0.6 0.0

1.0 0.1 0.1 0.1

1
1
1
1
1
1
1
1
1
1
1
1

1.1637 0.6 0.0

0.1

0.0 0.1

.1
.1
.1
.1
.1
.1
.1
.1
.1
.1
.1
.1

1.1976 0.6 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.2 0.1
0.1

0.0 0.1

1.2324 0.6 0.0

0.1

0.2 0.1
0.1

1.2683 0.7 0.0

0.1 0.1

0.1

1.3052 0.7 0.0

19.3945
20.5440
21.7610
23.0505
24.4165
25.8630
27.3955
29.0190
30.7385
EBEBEBEBEBEB
9999999999

0.1 0.1 0.1

0.1

1.3432 0.7 0.0

0.1 0.1 0.1

0.1

1.3823 0.7 0.0

0.1 0.1 0.1

0.1

1.4225 0.7 0.0

0.1 0.1 0.1

0.1

1.4640 0.7 0.0

0.1 0.1 0.1

0.1

1.5066 0.7 0.0

0.2 0.1
0.1

0.2 0.1

1.55056 0.7 0.0

0.1

0.0 0.1
0.1

1.5957 0.8 0.0

0.1 0.1

0.1

1.6422 0.8 0.0

2.3 Including Cross-correlations into the CRD file

Although the two data sets are from the same collaboration only few uncertainties are listed as cor-

related. The reason lies in that many of the correlation matrices are diagonal to begin with for the
same observable. For instance, beam-target overlap and residual detector-efficiency uncertainties are
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diagonal for the 23Pu data set. Impurity uncertainties, on the other hand, are that small (maximally
0.1% for the 2*?Pu data set) that a correlation matrix between the two data sets would have negligible,
if at all, impact on the evaluation.

Hence, the remaining terms that could have correlated uncertainties are those related to PID cuts
and wrap-around background. PID cut uncertainties for the 23?Pu data set are nearly diagonal; hence,
a very low correlation coefficient of 0.1 was chosen between the two fissionTPC data sets. The only
substantial source of correlated uncertainties across the two data sets was the wrap-around background
that was corrected in the same fashion for both measurements. A correlation factor of 0.7 was assumed.
The CRD input is given below.

600014141515 0 0 0 0000000000000
.1 7 .0 .0 .0 .0 .0 .0 .0 .0
EBEBEBEBEBEB

2.4 Addition to the DATA.GMA file

Below the resulting DATA.GMA file from implementing the data into the CRD file and running datp-
cmpq3 is given for the sake of completeness and reproducibility.

BLCK 0 0
DATA 6000 4 0 2 10 8 0 0
2018 1 ONIFFTE TPC J,PRC,97,034618(2018
0.99 0.01 0.50 1
0.00 0.00 0.00 O
0.00 0.00 0.00 9
0.50 0.50 0.50 1
0.99 0.01 0.50 1
0.00 0.00 0.00 O
0.99 0.01 0.50 1
0.50 0.50 0.50 O
0.50 0.50 0.50 O
0.50 0.50 0.50 O
0.50 0.50 0.50 1

.5200E+000.1018E-02
.5400E+000.9858E-03
.5700E+000.9479E-03
.6000E+000.9103E-03
.7TO000E+000.3120E-02
. 7500E+000.3282E-02
.8000E+000.5054E-02
.8500E+000.7546E-02
.9000E+000.1407E-01
.9800E+000.1559E-01
.1000E+010.1144E-01
.1100E+010.2738E-01
.1250E+010.2635E-01
.1400E+010.1615E+00
.1600E+010.3313E+00
.1800E+010.3751E+00
.2000E+010.4098E+00
.2200E+010.4226E+00
.2400E+010.4199E+00
.2600E+010.4159E+00
.2800E+010.4327E+00
.3000E+010.4222E+00
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0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 2.2 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0

0.2 0.0 0.0 0.0
0.1

0.1

0.1

0.3600E+010.4597E+00 0.6 0.0 0.6 0.1

0.1

0.1

0.4000E+010.4802E+00 0.6 0.0 0.6 0.1

0.1

0.1

0.4500E+010.4967E+00 0.6 0.0 0.6 0.1

0.1

0.1

0.5000E+010.5056E+00 0.7 0.0 0.9 0.1

0.1

0.1

0.5300E+010.5258E+00 0.7 0.0 0.9 0.1

0.1

0.1

0.5500E+010.5200E+00 0.7 0.0 0.9 0.1
0.5800E+010.5407E+00 0.7 0.0

0.1

1.0 0.2 0.1

0.1

0.1

0.6200E+010.5713E+00 0.7 0.0 0.9 0.1

1.8 0.0
1.7 0.0
1.5 0.0

0.1

0.1

0.6500E+010.5894E+00 0.8 0.0 0.9 0.1

0.0 0.0 0.0

0.1

0.1

0.7000E+010.6133E+00 0.8 0.0 0.8 0.1

0.2 0.0 0.0 0.0

0.1

0.7500E+010.5849E+00 0.8 0.0 0.8 0.0 0.1

0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0

0.1

0.1

0.7750E+010.5727E+00 0.8 0.0 0.8 0.1

0.1

0.8000E+010.5664E+00 0.8 0.0 0.9 0.0 0.1

0.1

0.8500E+010.5533E+00 0.9 0.0 0.9 0.0 0.1

0.1

0.1

0.9000E+010.5616E+00 0.9 0.0 0.9 0.1

0.1

0.1000E+020.5673E+00 0.9 0.0 0.6 0.2 0.1

0.1100E+020.5757E+00
0.1150E+020.5831E+00
0.1200E+020.5720E+00
0.1300E+020.5420E+00
0.1400E+020.5472E+00
0.1450E+020.5647E+00
0.1500E+020.5731E+00
0.1600E+020.6064E+00
0.1700E+020.6294E+00
0.1800E+020.6410E+00
0.1900E+020.6669E+00
0.2100E+020.7251E+00
0.2200E+020.7363E+00
0.2300E+020.7467E+00
0.2400E+020.7291E+00

0.1 0.1

1.0 0.1
1.0 0.1

1
1
1
1

1.0 0.0
1.0 0.0
1.0 0.0

0.1

0.1

0.2 0.2 0.0 0.0 0.0 0.0 0.0

0.1

0.1

.1
.1
.1
.1

0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.0 0.0 0.0 0.0

0.1 0.1

0.1

0.0

1.1
.1
.1

1
1

0.1 0.1

0.1

0.0

0.1 0.1

0.1

0.0

1.0 0.1 0.1 0.1

1
1
1
1
1
1
1
1
1
1
1
1

1.2 0.0
1.2 0.0
1.2 0.0
1.3 0.0
1.3 0.0
1.3 0.0
1.4 0.0
1.4 0.0
1.5 0.0
1.5 0.0
1.6 0.0
1.6 0.0
1.6 0.0

0.1

0.0 0.1

.1
.1
.1
.1
.1
.1
.1
.1
.1
.1
.1
.1

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0

0.2 0.1
0.1

0.0 0.1

0.1

0.2 0.1
0.1

0.1 0.1

0.1

0.1 0.1 0.1

0.1

0.1 0.1 0.1

0.1

0.1 0.1 0.1

0.1

0.1 0.1 0.1

0.1

0.1 0.1 0.1

0.1

0.2600E+020.7443E+00
0.2700E+020.7367E+00
0.2900E+020.7498E+00
0.3000E+020.7583E+00

0.2 0.1
0.1

0.2 0.1

0.1

0.0 0.1
0.1

0.1 0.1

0.1

0.0000E+000.0000E+00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4

DATA 6001
2021

J,NDS, submitted (2021

INIFFTE TPC

1

0.99 0.01 0.50 O

0.00 0.00 0.00 O
0.00 0.00 0.00 9

1
1
1
1
1
1

0.10 0.90 0.01
0.80 0.20 0.99
0.00 1.00 0.01
0.35 0.65 0.80
0.00 1.00 0.01
0.50 0.50 0.50

0.50 0.50 0.50 O
0.50 0.50 0.50 O

6000 14 14 1515 0 0 0 0 0 0 0 0 0 O O O O O O O

0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

.1

0
0.1000E+000.9852E+00 0.2 0.0

1.7 0.0

0.0 3.1

0.0
0.0

0.7 0.1

1.2 0.5 0.4 0.2 0.1

0.1200E+000.9690E+00 0.2 0.0 0.6 0.4 0.2 0.2 0.1

0.1500E+000.1049E+01

0.0

0.6 0.1

1.4 0.0

0.5 0.1

0.2 0.0 0.5 0.3 0.2 0.2 0.1

0.0 0.5 0.0
0.0 0.5 0.0

0.6 0.1

0.2 0.0 0.6 0.2 0.2 0.2 0.1

0.2 0.0 0.7 0.3 0.1

0.1700E+000.1089E+01

0.5 0.1

0.2 0.1

0.1800E+000.1091E+01
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1.6 0.0

0.0

0.5 0.1

0.2 0.0 0.8 0.3 0.2 0.2 0.1

0.2 0.0 0.7 0.2 0.1

0.1900E+000.1053E+01

0.0 0.9 0.0
0.0 0.2 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

0.5 0.1
0.0 0.1

0.2 0.1

0.2100E+000.1142E+01

0.4 0.1

0.2 0.1

0.2 0.0 0.7 0.3 0.1

0.2200E+000.1148E+01

0.5 0.1

0.2 0.1

0.2 0.0 0.6 0.3 0.1

0.2300E+000.1176E+01

0.5 0.1

0.2 0.1

0.2 0.0 0.6 0.3 0.1

0.2450E+000.1185E+01

0.4 0.1

0.2 0.1

0.2 0.0 0.6 0.3 0.1

0.2600E+000.1223E+01

0.4 0.1

0.2 0.1

0.2 0.0 0.6 0.2 0.1

0.2700E+000.1232E+01

0.2 0.0 0.4 0.2 0.1 0.2 0.0 0.4 0.1

0.3000E+000.1262E+01

0.4 0.1
0.2 0.0 0.4 0.1

0.2 0.1

0.2 0.0 0.5 0.3 0.1

0.3250E+000.1272E+01

0.2 0.0 0.5 0.2 0.1

0.3500E+000.1283E+01

0.3 0.0 0.3 0.2 0.1 0.2 0.0 0.4 0.1

0.3750E+000.1282E+01

0.3 0.0 0.4 0.2 0.1 0.2 0.0 0.3 0.1

0.4000E+000.1319E+01

0.3 0.0 0.4 0.2 0.1 0.2 0.0 0.4 0.1 0.0

0.4250E+000.1317E+01

0.0 0.6 0.0
0.0 0.7 0.0
0.0 0.3 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

0.2 0.0 0.3 0.1

0.2 0.1

0.3 0.0 0.4 0.2 0.1

0.4500E+000.1363E+01

0.3 0.1

0.3 0.0 0.4 0.2 0.1

0.4750E+000.1410E+01

0.2 0.1

0.2 0.1

0.3 0.0 0.4 0.2 0.1

0.5200E+000.1416E+01

0.3 0.1

0.3 0.0 0.4 0.2 0.0 0.2 0.1

0.5400E+000.1412E+01

0.3 0.1

0.3 0.0 0.4 0.2 0.0 0.2 0.1

0.5700E+000.1426E+01

0.3 0.1

0.3 0.0 0.3 0.2 0.0 0.2 0.1

0.6000E+000.1462E+01

0.3 0.1

0.3 0.0 0.3 0.2 0.0 0.2 0.1

0.6500E+000.1455E+01

0.3 0.1

0.3 0.0 0.3 0.2 0.0 0.2 0.1

0.7000E+000.1477E+01

0.4 0.0 0.2 0.2 0.0 0.2 0.0 0.3 0.1

0.4 0.0 0.3 0.2 0.0 0.2 0.1

0.7500E+000.1513E+01

0.3 0.1

0.8000E+000.1553E+01

0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0

0.4 0.0 0.3 0.3 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0

0.8500E+000.1539E+01

0.9000E+000.1484E+01

0.9800E+000.1435E+01

0.4 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0
0.4 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0
0.4 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0

0.1000E+010.1447E+01
0.1100E+010.1482E+01
0.1250E+010.1550E+01

0.5 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0

0.5 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.1

0.1400E+010.1595E+01

0.0 0.0 0.0
0.0 0.0 0.0

0.1600E+010.1581E+01

0.5 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.1

0.1800E+010.1560E+01

0.6 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0

0.6 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.1

0.2000E+010.1557E+01

0.0 0.0 0.0

0.2200E+010.1562E+01

0.6 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0
0.6 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0
0.7 0.0 0.3 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0
0.7 0.0 0.2 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
0.8 0.0 0.2 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
0.8 0.0 0.2 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
0.9 0.0 0.2 0.2 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0
0.9 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
0.9 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
0.9 0.0 0.3 0.2 0.0 0.2 0.0 0.4 0.0 0.0 0.0 0.0

0.2400E+010.1541E+01

0.2600E+010.1542E+01

0.2800E+010.1549E+01

0.3000E+010.1555E+01

0.3600E+010.1572E+01

0.4000E+010.1574E+01

0.4500E+010.1585E+01

0.5000E+010.1600E+01

0.5300E+010.1605E+01

0.5500E+010.1628E+01

1.0 0.0 0.4 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
1.0 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0
1.0 0.0 0.3 0.2 0.0 0.2 0.0 0.3 0.0 0.0 0.0 0.0

1
1
1
1

0.5800E+010.1655E+01

0.6200E+010.1574E+01

0.6500E+010.1485E+01
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3 Discussion

3.1 Impact of fissionTPC Data on NDS Evaluations
3.1.1 2Pu(n,f)/?*°U(n,f) Cross Sections

In Fig. [7} the impact of fission TPC 29Pu(n,f)/23°U(n,f) cross sections on the NDS evaluation is shown.
First of all, it should be noted that the green data are the ones reported by the fissionTPC collaboration
and stored in the CRD file. Contrary to that, the black data are those in the DATA.GMA file. They
are interpolated to be on the grid of the NDS data and are re-normalized as the data were input as
shape data. This normalization factor obtained by the GMA code was 0.9880. The important point
of this comparison is two-fold: First, the interpolation procedure does not lead to artifacts (with an
exception of three data points mentioned above). The second point is that, indeed, the fissionTPC data
are systematically off-set by a factor of approximately 1.2% from the bulk of other data in the database
that define the evaluated data, something that was already mentioned by fissionTPC experimentalists.
This systematic off-set was the reason the data were treated as shape.

It can be seen from Figs. [7] and [8] that evaluated results change only modestly up to 10 MeV.
It should be emphasized that we compare here the impact of fissionTPC data to an evaluation in-
cluding all updates to 2**Pu(n,f) cross-section covariances in the CRD file according to a template
of expected (n,f) measurement uncertainties [13]; this is not a comparison to the 2018 NDS version.
However, we compare here two evaluations that only differ in considering the two fissionTPC data sets.
Consequently, this is a clean comparison showing the impact of fissionTPC data on the current NDS
file.

Large changes in the ratio cross section can be observed above 10 MeV where fission TPC 23°Pu(n,f)/
235U(n,f) cross sections would indicate smaller values for this ratio than currently in ENDF /B-VIIL0.
This change, albeit large with up to 2%, is still within the GMA uncertainties as can be seen from
Figs.[[land [0 In fact most of the fissionTPC data are well within the credible range of the evaluation
compared to an evaluation without fission TPC data, except for one outlier at 0.2 MeV in Fig. [9] This
shows that the data from the fissionTPC collaboration validated the trend of the evaluated ratio data
that results from a database of several hundreds of data. Contrary to previous data sets, however,
another type of fission detector was employed for the fission TPC measurement. While most (n,f) cross
sections in GMA were measured with a traditional fission or ionization chamber, the fissionTPC project
employed a time-projection chamber which allowed accurate tracking of any charged particles in three
dimensions. Hence, fissionTPC data agreeing with the previous evaluation provides a validation of
previous measurement techniques on average.

One might question the statement above by stating that fissionTPC data are 1.2% systematically
off. However, the normalization of the data set was NOT determined with the fission time-projection
chamber but by a standard techniques like o counting and « spectroscopy that have been employed for
many other measurements in the GMA database. Also, the normalization is, mathematically speaking,
an independent observable compared to the shape of the data set.

The fission TPC #9Pu(n,f) /23°U(n,f) cross sections lead to GMA evaluated 2*Pu(n,f) uncertainties
that are by up to 12% lower than those obtained without these data. This reduction, however, does
not consider USU uncertainties. This point will be discussed in Subsection

While fissionTPC #9Pu(n,f)/?3°U(n,f) cross section contain information on both isotopes, it is
shown in Fig. [8] that mostly 23°Pu(n,f) cross sections are impacted, while the change in 23°U(n,f) cross
sections and uncertainties is negligible.

3.1.2 28U(n,f)/?**U(n,f) Cross Sections

In Fig. the impact of fissionTPC 238U(n,f)/?3°U(n,f) cross sections on the NDS evaluation is
shown. As for the 239Pu(n,f)/?35U(n,f) ratio, the green data are the ones reported by the fissionTPC
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Figure 7: Evaluated 239Pu(n,f)/?3U(n,f) cross sections are shown including (red thick dashed line)
and excluding (blue solid line) fissionTPC data. Evaluated uncertainties including fissionTPC data
are also shown in less thick red dashed lines. fissionTPC data as reported by the collaboration are
shown in green, while the interpolated and renormalized data are shown in black.

collaboration and stored in the CRD file, while the black ones are those in the DATA.GMA file. The
black data are interpolated to be on the grid of the NDS data and are re-normalized as the data
were reported as shape data in Ref. . The experimentalists normalized in Ref. the ratio with
respect to ENDF/B-VIIL.055 evaluated data at 14.5 MeV. The new normalization factor obtained by
the GMA code was 1.0163 with respect to originally reported values. Only two data points, at the
lowest incident-neutron energies, were slightly moved in energy to avoid interpolation artifacts.

It can be seen from Figs. [§ and [11| that the GMA evaluated results for the 238U (n,f)/23°U(n,f)
ratio change only within GMA reported uncertainties for the entire energy range shown. In addition
to that, changes are small above 0.8 MeV. fissionTPC 23¥U(n,f)/?*>U(n,f) ratio data agree with the
evaluated results within the reported uncertainties above 1.5 MeV. However, below 1.5 MeV, the
fissionTPC experimental differ systematically from the evaluated results. The 233U(n,f) cross section
is a threshold reaction and it is small below 1.5 MeV. It is an experimental challenge to get the cross
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Figure 9: The impact of including fissionTPC data on evaluated 23°Pu(n,f)/23°U cross sections is
illustrated. It is also shown that fissionTPC data agree in general with evaluated results without these
new data within their respective uncertainties.

section correctly there leading to potential larger bias in previous and fissionTPC data. It should be
mentioned that fissionTPC data come with considerable uncertainties in the energy range in question;
that is with total uncertainties from (4-102%). The major drivers of uncertainties up to 1.5 MeV are
counting-statistics and impurity uncertainties. The large counting-statistics uncertainties reflect the
fact that the experimentalists are trying to measure a cross section in its threshold region. The large
impurity uncertainties are related to a siginificant 235U contamination (0.5%). Below 1.5 MeV, the
2351 cross section is up to three orders of magnitude larger than the 22U cross section (Fig. ; a 23U
contamination of 0.5% can lead to a significant correction and large uncertainties. Hence, discrepancies
between fissionTPC 23U(n,f) /?5U(n,f) ratios and the NDS values below 1.5 MeV could possibly be
caused by issues in the former data. Thus, it is realistic that the evaluated ratio does not significantly
change below 1.5 MeV (that is outside evaluated uncertainties) to correspond to fissionTPC data that
are rather uncertain in that energy range.

The impact of fissionTPC data on the evaluated uncertainties is only modest for all energies as can
be observed from Fig. [§| That can be in part attributed to larger total uncertainties of the fissionTPC
28U (n,f)/#5U(n,f) ratios compared to those reported for 23°Pu(n,f)/?*5U(n,f); the lowest uncertainties
for the former are 0.6% while they are 0.4% for the latter (on the GMA grid), and average uncertainties
above 1.0% are reported for the former while they are below 1.0% for the latter. In addition to that, it
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Figure 10: Evaluated 2**U(n,f)/?3U(n,f) cross sections are shown including (red thick dashed line)
and excluding (blue solid line) fissionTPC data. Evaluated uncertainties including fissionTPC data
are also shown in less thick red dashed lines. fissionTPC data as reported by the collaboration are
shown in green, while the interpolated and renormalized data are shown in black.
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Figure 11: The impact of including fissionTPC data on evaluated 23*U(n,f)/?3°U cross sections is
illustrated. It is also shown that fissionTPC data agree in general with evaluated results above 1.5
MeV without these new data within their respective uncertainties.

is discussed in Subsectionthat the experimental covariances for 233U(n,f) cross sections in the GMA
database might need to be revised for missing uncertainties via templates of expected measurement

uncertainties.

20



3.2 Should Tovesson et al. Data Above 13 MeV be Included into the NDS
Database?

As mentioned in Section 239Pu(n,f) cross section data at high incident-neutron energies (above
10 MeV) assume up to 2% lower values if fissionTPC data are implemented. This has important
implications for past data sets. As documented in Ref. @, the data of Tovesson et al. and
Shcherbakov et al. led to questions that could not be satisfactorily solved before the release of the
2018 NDS version. These two data sets, as shown in Fig. span between them the space of possible
experimental values above 14 MeV. Other data, e.g., of Staples et al. and Lisowski et al. , go
through the middle of Tovesson and Shcherbakov data. The NDS committee was unsure which one of
those two data sets—Tovesson et al. and Shcherbakov et al.—was more reliable, and finally decided
to cut Tovesson et al. data above 13 MeV from the evaluation.
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Figure 12: The same as for Fig. [7] including a comparison to Tovesson (in blue) and Shcherbakov (in
red) data.

However, recent fission TPC 239Pu(n,f)/?3°U(n,f) cross sections also point to lower values than

Shcherbakov et al. Hence, DN would recommend to reassess whether Tovesson et al. should be
included after all above 13 MeV as they seem to represent indeed a physically possible data set. This
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is especially true as the fission TPC collaboration meticulously studied all possible physics effects that
could affect the fission cross section.

3.3 Should USU be Re-formulated to Account for Partially Independent Measure-
ments?

The uncertainties compared in Fig. [§] only show the impact of fissionTPC data on GMA evaluated
uncertainties. However, these GMA uncertainties are NOT the total uncertainties reported by the NDS
community for the 2018 NDS version. For the 2018 NDS release, a fully-correlated USU uncertainty of
1.2% was added for all three fission observables for fast energies [6]. If the same procedure is undertaken
for this evaluation, all reductions of uncertainties gained through fissionTPC data would be completely
drowned out by the much larger USU uncertainty.

However, DN would strongly question whether that is justified. One can argue that there is a sig-
nificant spread in previous data, and evaluated uncertainties should reflect that. This is especially true
because most of the underlying experimental data were measured with one and the same technology—
fission and ionization chambers. There is no way to exclude any potential systematic effect of this
technique and uncertainties should account for that [11]. However, this comes with a caveat: This is
only true if there is no “validation measurement” that verifies the trend of data obtained from the same
technique with a completely different technology. DN would argue that some parts of the fissionTPC
measurement (namely the detector efficiency) employ a different technology—a time-projection cham-
ber instead of a fission or ionization chamber.

Hence, fissionTPC data verified the evaluated mean-value trend obtained by averaging over data
from several hundreds of fission-chamber measurements, and, thus, gives us more confidence in these
past data. DN would recommend that the NDS committee might want to consider revisiting the USU
formulation to take into account validation from a partially independent measurement.

3.4 Should the Procedure for Assessing Outlying Uncertainties be Adapted?

Another issue that arises when including new data is the one of assessing outlying uncertainties. Some
data points are simply outlying because of statistics or systematic effects. This is a well-known fact
and, thus, outlying uncertainties are justified for individual points that are outlying out of an otherwise
agreeing trend.

However, the question arises if that should be done for a group of systematically outlying data
in the same way that we are currently assessing outlying uncertainties for NDS evaluations. Right
now, outlying uncertainties for individual points and larger trends are quantified with respect to the
evaluated curve before including the data. However, by this step-wise procedure—namely, quantifying
outlying uncertainties of new data with respect to the bulk of existing data—one implicitly favors the
trend obtained by already existing data and penalizes new data, effectively skewing evaluated results
to past data.

One might want to consider doing an evaluation without outlying uncertainties for all data, getting
a mean trend and then quantifying outlying uncertainties for all data at once. That would lead to a
more unbiased procedure for all data at once and would allow newer data sets to guide the evaluation
with the same weight as past data.

3.5 Future Work Needed on NDS Database

It was discussed in Section and shown in Fig. [§ that most of the changes of the fissionTPC
data apply to 238U and 2?Pu data, while 23°U remains largely unchanged. Also, larger changes are
observed for 239Pu than for 238U cross sections. One part of the reason behind this is that 23°U data
are distinctly more abundant compared to ?*Pu data due to the many ratio measurements in the
database. However, this does not explain the lower impact on 23¥U(n,f) cross sections.
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Part of the reason for that could be unrealistically low uncertainties reported for some past ex-
perimental 23%238U(n,f) cross sections in the database. While a template of expected measurement
uncertainties was applied to all experimental 23?Pu(n,f) covariances in Ref. [13], this was not under-
taken for 23%238U(n,f) experiments in the GMA database. This additional analysis should be untaken
as well for more comprehensive and reliable GMA evaluated mean values and uncertainties.

4 Counter-checking Results Obtained Above

Vladimir Pronyaev used the information above on 233U(n,f)/23U(n,f) ratios to re-run the evaluation
and counter-check for possible mistakes. He used a previous version of 23Pu(n,f)/?3*U(n,f) fissionTPC
data (as documented in LA-UR-21-24093 version 1). Despite some differences in data, we see whether
the input deck works and whether the general trends observed above hold. Below this check is sum-
marized.

4.1 *Pu(n,f)/*°U(n,f) Cross Sections

The GMA fit was undertaken by Vladimir Pronyaev with the total GMA database and few lat-
est data sets including new n_TOF data for 23*U(n,f)/?*5U(n,f) ratio and 239Pu(n,f)/?*U(n,f) and
238U (n,f) /%5U(n,f) fissionTPC data. Denise Neudecker and Vladimir Pronyaev use the same code.
The reader should note that the GMA database used by V. Pronyaev is different from the one used
by D. Neudecker. As mentioned above, the 23?Pu(n,f)/?3U(n,f) fission TPC data used by V. Pronyaev
are the ones as documented in LA-UR-21-24093 version 1. They differ from the data above by small
fluctuations (choice of the random-number generator, and small fix in attenuation correction) as well
as a slightly decreased normalization (from 2% higher than ENDF /B-VIIIL.0 previously to now being
1.2% too high). The normalization does not matter at all for the fit as the data are treated as “shape”.
The small fluctuations in shape should be minimal.

New 239Pu(n,f)/?35U(n,f) fission TPC data are very consistent (in the limits of the experimental
uncertainties which are low) with the GMA fit excluding fissionTPC data until 20 MeV. Contrary to
that, the data are low in the energy range between 20 and 90 MeV (see Fig. . Including fission TPC
data in the GMA fit influences the evaluation in this energy range significantly as already observed
above. This is shown in more detail in Fig.

Tovesson et al. data [10] are consistent with fissionTPC data up to 2 MeV, and are slightly lower
from 14-20 MeV. They are inconsistent with fissionTPC data and the GMA fit including fissionTPC
data above 20 MeV as shown in Fig.

The reason behind the higher values of the GMA fit are clear from Fig. 37.c of Ref. [6] and
Fig. where additionally absolute ratio data by Shcherbakov et al. [16], Staples et al. [17] and by
Lisowski et al. [18] are shown. There are many other absolute and shape data for 23*Pu(n,f) and
239Pu(n,f)/*5U(n,f) below 20 MeV which fixed the absolute 23?Pu(n,f) cross section in the whole
energy range. As we see, including fissionTPC data in the GMA fit decreases the evaluated cross
section by maximally 1.5% between 20 and 90 MeV. These new data resolve existing discrepancies
between data by Lisowski et al. from one side and Shcherbakov et al. and Staples et al. from other
side. The new fit agrees very well with Lisowski et al. data.

All these fits are preliminary; the reason for that is that one needs to reassess (increase) outlying
uncertainties for past data (like Shcherbakov’s and Staples’) based on the new evaluated curve. That
will lead to a slightly decreased weight of the previous data, and, hence a further decrease of the
evaluated mean values from 20-90 MeV. We see also that Tovesson’s data—mostly consistent with the
previous standard evaluation below 14 MeV—have rather different shape in the whole energy range.
The standards committee could indeed discuss the existing discrepancies and inclusion of Tovesson’s
data above 14 MeV in the fit (see Fig. [15]). Vladimir Pronyaev encourages LANL/ fission TPC exper-
imentalists to discuss this and provide an answer to the standard committee what physics cause may
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239pu(n,f)/?35U(n,f) cross sections are shown including (red solid line) and

excluding (blue dashed line) fissionTPC data. Normalized fissionTPC data are shown in black.

lead to the different shapes between fissionTPC, Lisowski, Staples and Tovesson data, when uncertainty
in the flux are excluded in the ratio but detectors are different.

As shown in Fig. the shape of fissionTPC data is consistent with the shape of the GMA fit in
the limits of 2% in the energy range covering two and half decades. The difference in the local area

30-60 MeV can be also seen.

4.2

28U (n,f) /?*U(n,f) Cross Sections

Data for 23U (n,f)/23°U(n,f) ratios are obtained in a narrower energy range; they are consistent with
the GMA fit above 1.5 MeV, which includes fissionTPC data and the whole GMA database (Fig.

as described in this section. The shape ratio in Fig. shows a small offset of about 2% between 1.5
MeV and 30 MeV.

4.3 General Remarks

e GMA has an option to include variances and a total correlation matrix in the DATA.GMA
file. This was employed for absolute cross sections evaluated with R-matrix theory. This option
could be used for fissionTPC data. Then, the total fissionTPC covariance matrix can be directly
included in the fit without approximations. However, to this end the data need to be transformed

24



239 235
29py(n,fYP5U(n,f) Pu(n,f)**U(n,f)
17 17
16 4
/\ 16 4 ‘/ﬁ/ﬁ\
159 A -
}/(4 ‘}’f/' }/ \#\¥7‘7k %,,L//H i¢/+ l\
1479 it 15 - / MR RN *
o o /‘/ \‘(
T 13 ] (at 3 1
4 ; 14
/+\+—++ { W/ A
121 ﬁ 14 4 \\
\
|
119 w A
] NIFFTE®0.9822 (normalized) 131 NIFFTE*0.9822 (normalized) \,
T T GMA fit with NIFFTE data ’ GMA fit with NIFFTE data }\& .
10 _— ——— GMA fit without NIFFTE data ———  GMA fit without NIFFTE data A
. | e Tovesson o Tovesson, DS8002
0.9 +— T 12 +—
0.1 1 1 10
Neutron energy, MeV Neutron energy, MeV
239 235
Pu(n,f)/*U(n,f
29py(n,f)**U(n,f) (nHU(n
16
e NIFFTE*0.9822 (normalized)
4 GMA fit with NIFFTE data 15
134 ﬁ ——— GMAfit without NIFFTE data | B
i \ ° Tovesson, DS8002 | v 0 o
%‘4 14 3 % Wufﬁ 7 T
\ s
A A
\ 13 4 /?
12 \ e} Al
2 " 3 /1LH> +f
[i4 j A 1.2
\ ;
S~
4 V{ H\} e NIFFTE®0.9822 (normalized)
111 ¢ i 6 T 114 / GMA fit with NIFFTE data
K ) ;f’“*‘{f\ e —— /:f\ {{’ﬂ/ _ \+* o 4? % ———  GMA it without NIFFTE data
R S N o T , DS8002
¢¢1¢4¢¢ tHy ++ t i V++ t t 10 1 ///'r o Shoherbakov, DS1012
" — 4 Lisowski, DS1029
°¢¢¢¢¢¢ 4o840¢ doatteaag /f + ° S‘(Sa(:'JVIV:SYIDS1O14
1.0 09 +— ,
10 100 0.1 1
Neutron energy, MeV Neutron energy, MeV
239 235
Pu(n,f)**U(n,f) 29py(n,£)2*U(n,f)
1.7
\ | I o NIFFTE*0.9622 (normalized)
| & GMA fit with NIFFTE data
133 7 ——— GMAfit without NIFFTE data
16 1 %\ { %? \ | ° Tovesson, DS8002
} - b \4 ©  Shcherbakov, DS1012
? - § 4 Lisowski, DS1029
%/ TL %\T#v 4&#%//%4 ‘T ‘ i ° s'fa‘:f.fs,'os1m4
\
15 4 ‘// t \ \
o % 124 \
= \ /% ) 2 N %
i 149 It +\\ = u'\ é"i
’ ﬁ e NIFFTE*0.9822 (normalized) \ % S 10 i f ‘H o
GMA fit with NIFFTE data ! ¢ \ “i ;% i ﬁ
——— GMAfit without NIFFTE data i 114 P PER LB o 1L
° Tovesson, DS8002 % ‘ l ¢ Y }#\ IDE) YLV “—+*’ ‘f\l E3q) l#\
1.3 4 o Shcherbakov, DS1012 | 4 RS R Rt S VAR AR S BAes
L o 5 e ST T
o Staples, DS1014 M’MM% 240400 4 6 4084408
12 +— 10
1 10 10 100

Neutron energy, MeV

Neutron energy, MeV

Figure 14: Evaluated 29Pu(n,f)/?3*U(n,f) cross sections are shown including (red solid line) and
excluding (blue dashed line) fission'TPC data. Various other data sets are shown for comparison.

to be on the GMA grid. Also, it is unclear to D. Neudecker how to include cross-correlations

between different data sets.

e Discrepancies between Tovesson’s and Lisowski’s data above 14 MeV should be discussed.
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illustrated. It is also shown that fissionTPC data agree in general with evaluated results.

e [t is strange for V. Pronyaev that the fission TPC shape data have very low cross-energy correla-
tions. A discussion with experimentalists might be needed at the next standard meeting.

e The general trends seen by D. Neudecker and V. Pronyaev when including the two data sets are
very similar. Hence, any major issues in the inclusion can be excluded and the input deck seem
fine.
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Figure 16: Evaluated 28U (n,f)/?5U(n,f) cross sections are shown including (black line) fissionTPC
data (black dots).

5 Summary and Conclusions

In this report it is shown how 28U(n,f)/#5U(n,f) and 23Pu(n,f)/*°U(n,f) fissionTPC data were
included in the current NDS (Neutron Data Standards) database in answer to NDS needs but also to an
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NCSP FY21 milestone of DN. The data sets were included independently by two people, D. Neudecker
and V. Pronyaev, to counter-check results and make sure that no major issues were overlooked when
including the data. The general trends found by both analyses agreed well with each other. The
hope is that this report provides sufficient information for the NDS committee to be able to reach a
decision whether these new data by the fissionTPC collaboration should be officially included in the
NDS database or not.

The evaluated results of 238U(n,f)/*5U(n,f) cross sections change only little because of larger
fissionTPC uncertainties for this ratio and a missing analysis on whether past data of this observable
in the GMA database reported all pertinent uncertainties.

The evaluated results of 23*Pu(n,f)/?*>U(n,f) cross sections change little below 10 MeV. One should
consider that the new 239Pu(n,f)/23°U(n,f) fissionTPC data set reports one of the lowest uncertainties
of all of the 39Pu(n,f) measurements in the GMA database underlying NDS evaluations. In addition
to that, experimental ?*Pu(n,f) covariances in the GMA database were revisited for missing known
uncertainties of experimental data in Ref. [13]. Hence, the small change in evaluated results below
10 MeV points to that previous data using mainly fission and ionization chambers give on average
the same trend as data measured by the fissionTPC. This is very interesting indeed as it shows that
fissionTPC data validate on average data taken previously with fission and ionization chambers, and
thus verifies NDS data of the last decades.

However, evaluated results of 23°Pu(n,f)/?3°U(n,f) cross sections including fission TPC data differ
by up to 2% above 10 MeV from those excluding the new experimental data; fission TPC data point to
increasingly lower values above 10 MeV. This indicates that data previously rejected as too low above
13 MeV by Tovesson et al. could be after all representing physics adequately. It should be discussed
again by the NDS committee whether Tovesson data could be included after all.

In addition to that fissionTPC data raised the following issues for the NDS committee to discuss:

e Should quantifying USU (unknown sources of uncertainties) uncertainties be re-formulated to
consider the impact independent “validation measurements” have on these uncertainties?

e Should outlying uncertainties be applied to the database as a whole once it is frozen for an NDS
version rather than quantifying outlying uncertainties always with respect to the already existing
database?

e [t is clear that all experimental covariances in the NDS database should be re-visited with tem-
plates of expected measurement uncertainties to exclude that GMA evaluated uncertainties are
underestimated because of missing but known uncertainties. It might be good to discuss where
the biggest needs are and then concentrate on those. An e-mail discussion led to the conclusion
that we first focus on 233U(n,f) and subsequently on 233U(n,f) cross sections.
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shown.

A Output Files for ?**U(n,f) Cross Sections

1 RESULT U5(n,f)

E/MEV CS/B DCS/B DCS/\% DIF/\Y% CS*SQRT(E)
0.2530E-07  587.31459496 1.37570079 0.2 0.00 0.09342
0.9400E-05  247.30059193 1.06185337 0.4 0.00 0.75821
0.1500E-03 21.22286171 0.08951197 0.4 0.00 0.25993
0.2500E-03 20.76112503 0.09193331 0.4 0.00 0.32826
0.3500E-03 13.16286402 0.06236034 0.5 -0.00 0.24625
0.4500E-03 13.79971482 0.06611413 0.5 0.00 0.29274
0.5500E-03 15.21492095 0.07566564 0.5 0.00 0.35682
0.6500E-03 11.53710164 0.05760908 0.5 -0.00 0.29414
0.7500E-03 11.12075297 0.05603339 0.5 0.00 0.30455
0.8500E-03 8.23391249 0.04193499 0.5 0.00 0.24006
0.9500E-03 7.52192108 0.03857013 0.5 0.00 0.23184
0.1500E-02 7.32375874 0.03491422 0.5 0.00 0.28365
0.2500E-02 5.39437533 0.02979168 0.6 0.00 0.26972
0.3500E-02 4.80036881 0.02626282 0.5 0.00 0.28399
0.4500E-02 4.27853357 0.02279604 0.5 0.00 0.28701
0.5500E-02 3.84538971 0.02110836 0.5 0.00 0.28518
0.6500E-02 3.30276371 0.01888952 0.6 0.00 0.26628
0.7500E-02 3.24773665 0.01722690 0.5 0.00 0.28126
0.8500E-02 3.00822300 0.01647460 0.5 0.00 0.27734
0.9500E-02 3.11456681 0.01663127 0.5 0.00 0.30357
0.1500E-01 2.49921150 0.01205092 0.5 0.00 0.30609
0.2000E-01 2.35110066 0.02949412 1.3 0.00 0.33250
0.2400E-01 2.16301685 0.01065758 0.5 0.00 0.33509
0.3000E-01 2.07611152 0.01201176 0.6 -0.00 0.35959
0.4500E-01 1.85093311 0.00997416 0.5 -0.00 0.39264
0.5500E-01 1.81302851 0.00998202 0.6 0.00 0.42519
0.6500E-01 1.75373453 0.00951002 0.5 0.00 0.44712
0.7500E-01 1.68089233 0.00895997 0.5 -0.00 0.46033
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.59565843
.57609124
.58590960
.49922543
.43244568
.39995130
.39535105
.36868995
.34916016
.34895110
.323056482
.29771435
.30246658
.29183185
.29172616
.28068709
.26303792
.24823830
.23321938
.22951886
.23483440
.21473978
.21745836
.18438855
.20097742
.16358876
.13868972
.14033119
.13871582
.12133543
.13804446
.10867727
.11889254
.11563721
.13116739
.10977282
.11873844
.14317366
.171905691
.19809887
.20567571
.20158838
.19271046
.20928116
.22626261
. 25222507
.27007834
.28602864
.27659133
.26299448

O O O O O O O O O OO OO OO OO O OO OO ODODODODODODODOOOODO0ODO0ODO0ODODODODODODOOOOOOOOoOOo

.00899134
.00900539
.00974844
.00882494
.00855555
.00913922
.01261375
.01078656
.01045572
.00990468
.00928594
.00903581
.00970176
.01047658
.00970946
.008563228
.00914654
.00831209
.00805829
.00740817
.00870698
.00740991
.00832283
.00800335
.00929511
.00812777
.00821498
.00685356
.00836553
.00704752
.00803474
.00673130
.00621611
.00638000
.00627024
.00613058
.00643096
.00642132
.00692860
.00772057
.00865468
.00615534
.00579843
.00682382
.00615928
.00600493
.00634965
.00667341
.00663120
.00648229
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O O O O O O O O O OO OO OO OO O OO OO ODODODODODOODO OO ODO0ODO0ODO0ODODODODODODOOOOOOOOOoOOo

O 01 010101010101 01T NOYO OO OO OO0 OO0 O NO NO NNONNOODANOODANANANANOOVOOONNNNOOOOO N OO,

O O O O O O O

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

i ol e i e B el ol ol ol ol ol el ol ool eolNolN ool ool ol olNolN ool ol ol ol ol olNolNolNololN ol ol oo ol

.46521
.48578
.50151
.519356
.55478
.57721
.59200
.59660
.60336
.61817
.62057
.62236
.63139
.63287
.63937
.64034
.64403
.64860
.65256
.67344
.70396
. 71865
. 74554
. 74907
. 78294
. 78056
. 78479
.80634
.82114
.82401
.85920
.85878
.90208
.93341
.97962
.99261
.03143
.08451
.13620
.17389
.19356
.20159
.25093
.35202
.45093
.58395
.70399
.81872
.89349
.95662



O O O O O O O O O OO OO OO OO O OO OO ODODODODODOODO OO ODO0ODO0ODO0ODODODOOOODOOOOOOOoOOo

.2600E+01
.2800E+01
.3000E+01
.3600E+01
.4000E+01
.4500E+01
.4700E+01
.5000E+01
.5300E+01
.5500E+01
.5800E+01
.6000E+01
.6200E+01
.6500E+01
.7000E+01
.7500E+01
. T750E+01
.8000E+01
.8500E+01
.9000E+01
.1000E+02
.1100E+02
.1150E+02
.1200E+02
.1300E+02
.1400E+02
.1450E+02
.1500E+02
.1600E+02
.1700E+02
.1800E+02
.1900E+02
.2000E+02
.2100E+02
.2200E+02
.2300E+02
.2400E+02
.2500E+02
.2600E+02
.2700E+02
.2800E+02
.2900E+02
.3000E+02
.3200E+02
.3400E+02
.3600E+02
.3800E+02
.4000E+02
.4200E+02
.4400E+02

R R, R, R NN NOMNNMNNOMNOMNNMNOMNNMNNNMNOOMNMNNMNOMNMNOMNONMNNMNNOMNONNRRRRBRRERRRBRRRBRRRBRRB B R B B B B B2 2

.25483626
.23699122
.21469282
.16346985
.13480224
.11460939
.09820988
.07043289
.05494141
.03566472
.03671373
.09073116
.17919023
.33196652
.54263359
.70186172
. 73771669
. 78504642
. 79292667
. 77882624
. 75871426
. 73636738
.70288970
. 72036788
.88470727
.07519127
.07877535
.12123257
.15137679
.09403856
.05783855
.03425464
.02315175
.08858475
.11400195
.14260196
.08703080
.12451821
.12568332
.10605292
.13202245
.10281979
.15265806
.13687284
.11608032
.03234510
.97666860
.99489787
.972405634
.96294746

O O O O O O O O O OO OO OO OO O OO OO ODODODODODODODOOOODO0ODO0ODO0ODODODODODODOOOOOOOOoOOo

.00682643
.00757873
.00635671
.00684127
.00582705
.00690121
.00600487
.00653579
.00621688
.00589839
.00656037
.00728975
.00890442
.00908944
.01039373
.01204347
.01426102
.01214970
.01251555
.01235273
.01385549
.01383523
.01518990
.01434587
.01256882
.01063576
.01050051
.01381761
.01703387
.01765718
.01778306
.01548450
.01976628
.02086012
.03488060
.02646467
.02941996
.02421311
.03208423
.02667039
.03404314
.02694677
.02970197
.03774713
.03758806
.04067337
.04279747
.04403440
.03987418
.04127649

33

NNNNMNNFR,rPRrRRPRPRPRPRPRPRPRPRPRPPRP PR PP PRPOOO0OO0OO0O OO0 0000000000000 0O000O0O0OO0OO0OOoOOoOOoOO-o
H O NNOOWOBPD WO WO~ B NOOO®OOWMWOBDOWNOU U1 N0 OWOWwWON~NNWOWNNN000NOO”GOOo oo o o1 O O3

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

O ©OW OW 00 00 00 0 00 N NO OrLor 0101 OO O PR WDNDNDNDNDNDNNDNNDNNDNNNNDNDDNDDNDDN

e el ol ol ol ol o T e el N T TN TN
W NDNMNNDMNMNMNREPE R, R OOOO O

.02336
.06988
.10391
.20753
.26960
.36444
.38086
.39356
.42866
.42885
.49674
.67173
.93616
.39586
.08142
.66074
.83760
. 04887
.22723
.33648
.56154
. 75888
.T7478
.95953
.79541
. 76465
.91574
.21550
.60551
.63394
. 73067
.86711
.04781
.57110
.91555
.27556
.22432
.62259
.83890
. 94337
.28160
.32403
.79059
.08798
.33876
.19407
.18500
.61684
. 78265
.02072



O O O O O O O OO OO OO OO OO ODO0ODO0ODODOOOOOOOOOOOOoOOoOo

O O OO O O O oo

.4600E+02
.4800E+02
.5000E+02
.5200E+02
.5400E+02
.5600E+02
.5800E+02
.6000E+02
.6400E+02
.6800E+02
. 7200E+02
.7600E+02
.8000E+02
.8400E+02
.8800E+02
.9200E+02
.9600E+02
.1000E+03
.1040E+03
.1080E+03
.1120E+03
.1160E+03
.1200E+03
.1280E+03
.1360E+03
.1440E+03
.1520E+03
.1600E+03
.1680E+03
.1760E+03
.1840E+03
.1920E+03
.2000E+03

e T S e e e T e e T e = T O e S e S S e N e e

.94903657
.91878951
.89820829
.90421191
.86731042
.88918558
.87066248
.84770496
.83318985
. 76752530
.72776957
. 73912546
.70471865
.698256481
.63189059
.59336377
.56389467
.58218584
.50800500
.568563008
.51365298
.53508230
.47946837
.47782628
.46614775
.44057042
.46490806
.44580794
.43729504
.455563319
.45333002
.44178891
.44766510

O O O O O O O OO OO OO OO OO O0OO0ODO0ODODOOOOOOOOOOOoOOoo

.03837487
.04500855
.04565608
.05118178
.05026612
.05137728
.04705220
.04357028
.03823528
.03712905
.03973915
. 04222827
.04412806
.05829968
.05691737
.05692054
.055686780
.06570713
.05431873
.07094293
.06764751
.06735412
.06534435
.06253309
.06021652
.065636641
.06035915
.06106477
.06427885
.06328414
.06608905
.06169190
.06154217

PO PR PR PR OWWLOWWNDNNDNDDNNDNDDNNDDNDDNDDNDDN
W WOowoaNEFE 0, NPT oo O kOO WKL P O NNN WO

Output Files for *U(n,f) Cross Sections

RESULT

E/MEV

.5000E+00
.5200E+00
.5400E+00
.5700E+00
.6000E+00
.6500E+00
.7000E+00
. 7500E+00
.8000E+00

O O OO O O o oo

U8(n,f)

CS/B

.00027762
.00069438
.00061754
.00067872
.00119270
.00132288
.00189274
.00270449
.00465630

O O OO O O o oo

DCS/B

.00002120
.00014194
.00002364
.00002580
.00003868
.00003009
.00004576
.00004964
.00007194

34

DCS/\%

~

20.

R NN W WW

O 00 & W N 00 0 b O

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

DIF/\Y%

.03
.00
.00
.00
.00
.00
.00
.00
.00

13.
13.
13.
13.
13.
14.
14.
14.
14.
14.
14.
15.
15.
15.
15.
15.
15.
15.
15.
16.
16.
16.
16.
16.
17.
17.
18.
18.
18.
19.
19.
19.
20.

O O OO O O O o o

21901
29376
42236
73147
72187
13737
24654
31226
66552
57539
66061
16134
24747
56476
30849
28301
32298
82186
37869
30064
01900
53334
20676
71970
09807
28685
06060
28818
62947
30983
71393
97801
47308

CS*SQRT(E)

.00020
.00050
.00045
.00051
.00092
.00107
.00158
.00234
.00416



O O O O O O O O O OO OO OO OO O OO OO ODODODODODOODO OO ODO0ODO0ODO0ODODODOOOODOOOOOOOoOOo

.8500E+00
.9000E+00
.9400E+00
.9600E+00
.9800E+00
.1000E+01
.1100E+01
.1250E+01
.1400E+01
.1600E+01
.1800E+01
.2000E+01
.2200E+01
.2400E+01
.2600E+01
.2800E+01
.3000E+01
.3600E+01
.4000E+01
.4500E+01
.4700E+01
.5000E+01
.5300E+01
.5500E+01
.5800E+01
.6000E+01
.6200E+01
.6500E+01
.7000E+01
.7500E+01
.7T750E+01
.8000E+01
.8500E+01
.9000E+01
.1000E+02
.1100E+02
.1150E+02
.1200E+02
.1300E+02
.1400E+02
.1450E+02
.1500E+02
.1600E+02
.1700E+02
.1800E+02
.1900E+02
.2000E+02
.2100E+02
.2200E+02
.2300E+02

P P, P, P, RP,rPRPrPRPRPRPRPRPRPRPRPRPPORPRPR PP RPRP PR OOO0OO0OO0O00O000 0000000000000 0O0OO0OO0OOOOO-oO

.00694050
.01416349
.01731915
.01592922
.01629556
.01455476
.03109983
.03938532
.19403761
.42413283
.48697798
.53637478
.54792934
.54488271
.54116994
.53789854
.52462692
.54788306
.55598508
.56121186
.55922587
.54801183
.55037476
.54683209
.56681146
.61064946
.68269053
.81667314
.94508976
.99563902
.99874016
.01830566
.01534785
.01730999
.01129846
.01079499
.00641824
.99036797
.02653885
.15025974
.18603403
.23875376
.31496819
.31966902
.32107998
.36112897
.40787407
.52163006
.56113045
.60100943

O O O O O O O O O OO OO OO OO O OO OO ODODODODODODODOOOODO0ODO0ODO0ODODODODODODOOOOOOOOoOOo

.00009533
.00015174
.00019142
.00024084
.00020393
.00013182
.00025090
.00031828
.00129441
.00254299
.00291459
.00321992
.00328922
.00328551
.00334765
.00370349
.00314623
.00321205
.00331215
.00347829
.00356454
.00326459
.00386475
.00369196
.00409771
.00471821
.00573098
.00617805
.00701763
.00793433
.00900157
.00760591
.00783104
.00770121
.00858474
.00884540
.00980225
.00912780
.00751152
.00689196
.00642320
.00877210
.01142522
.01200360
.01221195
.01173008
.01477998
.01625426
.02629388
.02078643

35
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.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

NN 0o oo PR WWWWWWNNNNNNNNNNR,r PR, RP,P PP PP PR PR PR OO0 00000000000 OoOOoo

.00640
.01344
.01679
.01561
.01613
.01455
.03262
.04403
.22959
.53649
.65335
. 75855
.81271
.84413
.87261
.90008
.90868
.03954
.11197
.19051
.21237
.22539
.26706
.28243
.36506
.49578
.69989
.08212
.50047
. 72667
. 78037
.88020
.96022
.05193
.19801
.35243
.41293
.43074
.70124
.30388
.51628
.T9767
.25987
.44113
.60487
.93302
.29620
.97298
.32235
.67817



O O O O O O OO OO OO OO OO O OO ODODODODODODODO OO OO O0ODO0ODODODODOOODOOOOOOOOoOoOo

.2400E+02
.2500E+02
.2600E+02
.2700E+02
.2800E+02
.2900E+02
.3000E+02
.3200E+02
.3400E+02
.3600E+02
.3800E+02
.4000E+02
.4200E+02
.4400E+02
.4600E+02
.4800E+02
.5000E+02
.5200E+02
.5400E+02
.5600E+02
.5800E+02
.6000E+02
.6400E+02
.6800E+02
. 7200E+02
. 7T600E+02
.8000E+02
.8400E+02
.8800E+02
.9200E+02
.9600E+02
.1000E+03
.1040E+03
.1080E+03
.1120E+03
.1160E+03
.1200E+03
.1280E+03
.1360E+03
.1440E+03
.1520E+03
.1600E+03
.1680E+03
.1760E+03
.1840E+03
.1920E+03
.2000E+03

N e e T e = e = T S e e e e S S e T T e e e e e = T = T e e e S o S S e N N e e e

.54515977
.57558061
.57900043
.56275804
.61324193
.60137616
.66483518
.68222957
.68596268
.64966522
.63175297
.66035405
.65025399
.64106498
.65271892
.63457016
.62793598
.63179159
.61100345
.62991451
.62355973
.60214676
.58807797
.52766658
.50300776
.52951082
.50531038
.49466433
.43642139
.40187777
.37486499
.39795058
.35715233
.40050950
.33838506
.36012357
.32912261
.32326089
.30672112
.28607932
.30942091
.30399562
.28121748
.32355200
.32723779
.31017685
.31812719

O O O O O O O O OO OO OO O OO OO ODODODODODODODO OO OO O0ODO0ODODODOODODODOOOOOOOoOOo

.02283080
.01941506
.02513847
.02112250
.02701774
.02185299
.02376957
.03036517
.03080765
.03360504
.03615946
.03721752
.03428294
.03509113
.03328937
.03903715
.03997701
.04458051
.04394889
.04524388
.04139909
.03821128
.03367956
.03294138
.03506735
.03779796
.039562187
.05179046
.05050334
.05064134
.04984519
.04978102
.04982495
.06391168
.06028666
.06032615
.056901155
.05640237
.05455007
.04975196
.05474495
.06662677
.056814145
.06811452
.06232689
.05719415
.05706246

36

WD NP> OWNONWHD PO NOOOOO OO UOWwWNEFE D OTO NN PO, P, NDNOOWOD P D NPONDOM

SO P DD D ORGP WOLOWLWLWWNNNNNNDNNNNMNNNMNDMNDNDMNDMNMNMNNMNNERERPR PR R PR PR B 2 -2

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

© © O © 00 00 0 0 N N

e e e e e e e e e i e N N e T el el el ol ol el ol ol ol = = e T e e S S =
O 00 00 N O O O OO i i I P WWWWWWWWNNMNNNMNNMNNMNNNEPE,EPR,PPRPR,PPR,RPRPR,OOOO

.56971
.87790
.05135
.12033
.53647
.62367
.11868
.51613
.83077
.89799
.05880
.50100
.69487
.88559
.20929
.32463
.511256
.76702
.83841
.19716
. 36466
.41018
.70462
.59746
. 75344
.33397
.46391
.69882
.47483
.44634
.47087
.97951
.84029
.55452
.16414
.64898
.55981
.97099
.23886
.43295
.14363
.49438
.60648
.55890
.00353
.15434
.64113



C Output Files for ?**Pu(n,f) Cross Sections

1
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RESULT

E/MEV

.2530E-07
.1500E-03
.2500E-03
.3500E-03
.4500E-03
.5500E-03
.6500E-03
.7500E-03
.8500E-03
.9500E-03
.1500E-02
.2500E-02
.3500E-02
.4500E-02
.5500E-02
.6500E-02
.7500E-02
.8500E-02
.9500E-02
.1500E-01
.2000E-01
.2400E-01
.3000E-01
.4500E-01
.5500E-01
.6500E-01
.7500E-01
.8500E-01
.9500E-01
.1000E+00
.1200E+00
.1500E+00
.1700E+00
.1800E+00
.1900E+00
.2000E+00
.2100E+00
.2200E+00
.2300E+00
.2400E+00
.2450E+00
.2500E+00
.2600E+00

P

752.
18.
18.

[are
[S2 e}

PR R R R R R R R R R R R R R R R R R R R R R B NNNDNDNDNDOWD o0 oo

U9(n,f)

CS/B

18874429
91820519
13576958
.64878725
. 70898933
.67404588
.60443426
.76516116
.09457604
.43983444
.56070265
.33229272
.05642913
.40949097
.34004949
.04649230
.09061717
.23820432
.91862855
. 78919981
.T4717428
.62107778
.63023974
.52943055
.54241469
.56518110
.556517269
.51191530
.533566513
.55415613
.50709371
.50173436
.49134048
.49307595
.46292990
.45204657
.54467594
.50079013
.51355862
.50228597
.50136609
.50424081
.518056522

O O O O O O O O OO OO OO OO OO OO ODODODODODODODODOOOOO0OOOOOOOOOOON

DCS/B

.256989141
.11596612
.11800793
.06317426
.06244771
.11321516
.03639273
.04397126
.03564878
.06313869
.03755947
.02600036
.02361327
.01958576
.01897580
.01967358
.01575990
.01978915
.01517921
.01258495
.02421763
.01199032
.01287544
.01108244
.01129546
.01171201
.01218403
.01172667
.01514478
.01314253
.01127633
.01063391
.01196698
.01649816
.01557232
.01485659
.01564578
.01378032
.01338548
.01786741
.01395623
.01469857
.01403043
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DCS/\%
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DIF/\%

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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CS*SQRT(E)

.11964
.23170
.28675
.16180
.20596
.36759
.11739
.15789
.14853
.26013
.17664
.16661
.18082
.16163
.17354
.16499
.18105
.20635
.18700
.21913
.24709
.25114
.28237
.32444
.36173
.39904
.42590
.44080
.47268
.49147
.52207
.58162
.61490
.63346
.63768
.64937
.70786
.70393
. 72588
. 73597
.74314
. 75212
. 77406
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.2700E+00
.2800E+00
.3000E+00
.3250E+00
.3500E+00
.3750E+00
.4000E+00
.4250E+00
.4500E+00
.4750E+00
.5000E+00
.5200E+00
.5400E+00
.5700E+00
.6000E+00
.6500E+00
. 7T000E+00
. 7500E+00
.8000E+00
.8500E+00
.9000E+00
.9400E+00
.9600E+00
.9800E+00
.1000E+01
.1100E+01
.1250E+01
.1400E+01
.1600E+01
.1800E+01
.2000E+01
.2200E+01
.2400E+01
.2600E+01
.2800E+01
.3000E+01
.3600E+01
.4000E+01
.4500E+01
.4700E+01
.5000E+01
.5300E+01
.5500E+01
.5800E+01
.6000E+01
.6200E+01
.6500E+01
.7000E+01
.7500E+01
.7T750E+01

NN R B R RPBR R RB R RBRRBRRBRERERRRERRBRRBRBRRBRRRRRBRRBRRBRRRBRRRBRRBRB R B B B2 B B 2

.51293165
.56142411
.53009082
.54068136
.52662338
.54884671
.54963017
.56393153
.58090047
.56871907
.57664565
.58114769
.569156631
.59169168
.59561341
.61641442
.62413221
.69194491
.69789320
.69308940
.67816498
.68226171
. 72621464
. 71562681
. 72697562
. 74450487
.84780217
.92821306
.95081847
.956335525
.979563359
.96400185
.92272829
.90775167
.89068057
.85955156
.80763391
.76716378
. 74295339
. 72933614
.68627192
.67813349
.65960776
.69261646
. 76853025
.84315654
.94473346
.08247597
.20491791
.24283458
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.01230131
.01354097
.01184634
.01271617
.01145949
.01258178
.01246778
.01466860
.01300244
.01335291
.01171437
.01375020
.01174011
.01313746
.01172517
.01088127
.01124077
.01119947
.01130219
.01165190
.01121589
.01195559
.01299508
.01380438
.01074119
.01047548
.01086598
.01162472
.01143073
.01178266
.01222098
.01216832
.01182866
.01225203
.01321286
.01160098
.01087870
.01074409
.01081269
.01116136
.01032405
.01140353
.01101403
.01226655
.01350583
.015642548
.01514770
.01595872
.01751830
.02005367
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.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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.78614
.82623
.83807
.87832
.90316
.94847
.98007
.01956
.06050
.08117
.11486
.14018
.15309
.20170
.23596
.30319
.35885
.46527
.51864
.56095
.592056
.63101
.69134
.69838
. 72698
.82965
.06591
.28149
.46761
.62070
.79948
.91309
.97868
.07616
.16355
.22084
.42974
.53433
.69736
.74911
. 77062
.86335
.89213
.07636
.33200
.58942
.95812
.50971
.03842
.24379
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.8000E+01
.8500E+01
.9000E+01
.1000E+02
.1100E+02
.1150E+02
.1200E+02
.1300E+02
.1400E+02
.1450E+02
.1500E+02
.1600E+02
.1700E+02
.1800E+02
.1900E+02
.2000E+02
.2100E+02
.2200E+02
.2300E+02
.2400E+02
.2500E+02
.2600E+02
.2700E+02
.2800E+02
.2900E+02
.3000E+02
.3200E+02
.3400E+02
.3600E+02
.3800E+02
.4000E+02
.4200E+02
.4400E+02
.4600E+02
.4800E+02
.5000E+02
.5200E+02
.5400E+02
.5600E+02
.5800E+02
.6000E+02
.6400E+02
.6800E+02
. 7200E+02
.7T600E+02
.8000E+02
.8400E+02
.8800E+02
.9200E+02
.9600E+02
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.29631246
.28267538
.27575520
.26740767
.26276497
.23727646
.25230231
.35035865
.41689792
.39220672
.39966305
.42697624
.35999950
.33666289
.3531565644
.35694817
.36886928
.37110206
.36910433
.29660790
.33441940
.30661183
.31174063
.33779072
.28074114
.34242099
.30376634
.27698867
.18774364
.12749190
.13665109
.10752625
.11381097
.09882682
.06834664
.03855681
.03589889
.00881369
.05061377
.02246940
.00077297
.98184264
.91400835
.87524676
.86944706
.84138858
.84046599
. 75783806
. 72433035
.70357448
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.01778614
.01794886
.01791288
.01963162
.02000221
.02172842
.02065965
.01818505
.01609820
.01506701
.01883556
.02199383
.02239960
.02247703
.02043904
.02636201
.02616013
.04113758
.03174324
.03466543
.03033960
.03678936
.03185517
.04030484
.03172922
.03446007
.04236377
.04199898
.04521103
.04734418
.04864688
.04487802
.04595785
.04302462
.05007109
.05106239
.05614535
.05531761
.056758821
.056219049
.04855506
.04299636
.04183836
.04448081
.04677179
.04927363
.06467432
.06228610
.06268995
.06205777
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.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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.49495
.65509
.82727
.17017
.50474
.58697
.80220
.47434
.04320
.10925
.29386
.70790
.73053
.91362
.25717
.54059
.8556562
.12145
.36183
.25103
.67210
.76146
.01216
.37043
.28217
.82997
.03207
.27701
.12646
.11474
.51337
.65833
.02144
.23494
.32993
.41477
.68108
.76171
.34539
.40267
.49792
.85474
. 78332
.91200
.29746
.46988
.86815
.48998
.53920
.69155
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.1000E+03
.1040E+03
.1080E+03
.1120E+03
.1160E+03
.1200E+03
.1280E+03
.1360E+03
.1440E+03
.1520E+03
.1600E+03
.1680E+03
.1760E+03
.1840E+03
.1920E+03
.2000E+03
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.70968564
.63051629
.68795012
.63809841
.66195610
.59169013
.59354689
.55935886
.53707366
.57977184
.53207231
.53528695
.55558254
.54297598
.51488381
.53188888
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.06167498
.06086308
.07791110
.07469042
.07425237
.07194223
.06871473
.06539710
.06045275
.06639968
.06628414
.07132485
.06912566
.07278020
.06656536
.06769341
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.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

17.
16.
17.
17.
17.
17.
18.
18.
18.
19.
19.
19.
20.
20.
20.
21.

09686
62807
54169
33600
89982
43609
02893
18509
44488
47674
37935
89959
63713
92994
99085
66418



